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FEEDTHROUGH CONNECTOR FOR
HERMETICALLY SEALED ELECTRONIC
DEVICES

FIELD

This disclosure relates generally to electrical connectors
for electronic devices, and more particularly to feedthrough
clectrical connectors for hermetically sealed electronic
devices.

BACKGROUND

Hard disk drives are commonly used for storing and
retrieving digital information using rapidly rotating discs or
platters coated with magnetic material. Digital information
1s transierred between a hard disk drive and a computing
device by virtue of an electrical connector forming part of
the hard disk drive. Conventional electrical connectors
include non-feedthrough connectors (e.g., P2 connectors)
and feedthrough connectors.

Feedthrough connectors are defined by a plurality of
electrical connections extending from outside the housing of
an electronic device, such as a hard disk drive, to within an
interior cavity of the electronic device. The portion of the
clectrical connections external to the housing are electrically
coupled to a mating electrical connector of a computing
device, while the portion of the electrical connections 1nter-
nal to the housing are electrically coupled to various com-
ponents within the 1nterior cavity.

Conventional feedthrough connectors are often diflicult to
couple to the housing of an electronic device, especially 1n
circumstances where the interior cavity of the housing is
sealed and maintained at a certain condition (e.g., pressure,
temperature, air composition, etc.). For example, certain
hard disk drives greatly benefit from a housing that 1solates
the interior cavity and the contents of the hard disk drive
from the atmosphere exterior to the housing.

Further, conventional feedthrough connectors often expe-
rience severe and repeated mechanical stress caused by
thermal cycling of the feedthrough connectors. In other
words, different materials often utilized 1in forming and
sealing the feedthrough connector within a feedthrough
aperture of a hermetically sealed chamber have different
coellicients of thermal expansion. Such non-uniformity of
thermal expansion between components may 1mpart
mechanical stress and strain to the components, especially at
the joints between components of the feedthrough connector
assembly. Mechanical stress and strain can cause cracks
and/or fractures to form 1n the feedthrough connector assem-
bly, which may jeopardize the integrity of the hermetically
sealed environment.

Some conventional solutions involve utilizing matenals
that have similar coeflicients of thermal expansion, which
may decrease the mechanical stress and strain caused by
repeated thermal cycling. However, the manufacturing pro-
cesses associated with the use of materials with matching
coellicients of thermal expansion tend to significantly
increase the cost of manufacturing and matenals.

SUMMARY

The subject matter of the present application has been
developed 1n response to the present state of the art, and 1n
particular, in response to the problems and needs associated
with hard disk drives and associated electrical connectors
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systems. Accordingly, the subject matter of the present
application has been developed to provide a feedthrough
clectrical connector, and associated apparatus, systems, and
methods, that overcomes at least some of the above-dis-
cussed shortcomings of the prior art.

Disclosed herein 1s one embodiment of an apparatus that
includes a housing that defines an interior cavity. The
housing also includes a spring aperture. The apparatus
further includes a spring coupled to the housing over the
spring aperture, with the spring having a deflection portion
and a feedthrough aperture. The apparatus has an electrical
connector coupled to the spring and extending through the
teedthrough aperture and the spring aperture. The electrical
connector may have a plurality of electrical traces extending
from a location external to the housing to a location within
the 1nterior cavity of the housing.

According to one implementation, the electrical connector
1s exclusively indirectly coupled to the housing via the
spring. According to another implementation, the apparatus
further includes at least one support bracket coupled to the
housing, with the at least one support bracket being in
supporting engagement with the electrical connector. The
clectrical connector may be exclusively indirectly coupled to
the housing via the spring and the at least one support
bracket. According to another implementation, the deflec-
tion portion of the spring absorbs thermal expansion of the
clectrical connector. In one 1mplementation, the deflection
portion extends entirely around the feedthrough aperture.
The deflection portion may form a rectangular footprint or
an ovular footprint, among other shapes, or the deflection
portion may include multiple deflection portions. In another
implementation, the spring may be directly coupled to an
external surface of the housing and/or a sidewall of the
spring aperture of the housing. In one implementation, a seal
between the spring and the housing maintains the interior
cavity as a hermetically sealed environment. For example,
the 1nterior cavity may contain a helium-enriched environ-
ment and the seal may include one or more of solder,
adhesive, and epoxy, with the epoxy having a low helium
permeability.

Disclosed herein 1s another embodiment of an apparatus
that includes a housing that defines an interior cavity. The
housing also includes a spring aperture. The apparatus
further includes a spring coupled to the housing over the
spring aperture, with the spring having a deflection portion
and a feedthrough aperture. The apparatus further includes
an electrical connector coupled to the spring and extending
through the feedthrough aperture and the spring aperture.
The electrical connector has a plurality of electrical traces
extending from a location external to the housing to a
location within the interior cavity of the housing. The
clectrical connector further includes an electrically insulat-
ing base that has multiple layers of electrically insulating
material with the plurality of electrical traces extending
between the multiple layers. The electrically insulating base
includes an mmwardly positioned portion disposed 1n the
interior cavity, an outwardly positioned portion disposed
external to the interior cavity, and a sealing portion disposed
between the inwardly positioned portion and the outwardly
positioned portion, with the sealing portion being sealed to
the feedthrough aperture of the spring. The electrical con-
nector further includes a first plurality of electrical leads
disposed on the outwardly positioned portion of the electri-
cally insulating base and a second plurality of electrical
leads disposed on the mmwardly positioned portion of the
clectrically mnsulating base. Each electrical lead of the first
plurality of electrical leads 1s electrically coupled to a
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respective electrical lead of the second plurality of electrical
leads via the electrical traces.

According to one implementation, the electrical connector
1s exclusively indirectly coupled to the housing via the
spring. In another implementation, the apparatus further 3
includes at least one support bracket coupled to the housing,
with the at least one support bracket being in supporting
engagement with the electrical connector. The electrical
connector may be exclusively indirectly coupled to the
housing via the spring and the at least one support bracket. 10
The deflection portion of the spring may absorb the thermal
expansion of the electrical connector.

Further disclosed herein 1s one embodiment of a hard disk
drive that includes a hermetically sealed housing that sub-
stantially 1solates a hard drive cavity containing a helium 15
enriched environment from an exterior atmosphere, with the
housing having a spring aperture. The hard disk drive further
includes a spring coupled to the hermetically sealed housing
over the spring aperture and the spring has a deflection
portion and a feedthrough aperture. 20

The hard disk drive may further include an electrical
connector coupled to the spring and extending through the
teedthrough aperture and the spring aperture. The electrical
connector has a plurality of electrical traces extending from
a location external to the hermetically sealed housing to a 25
location within the interior cavity of the hermetically sealed
housing. The electrical connector may include an electri-
cally insulating base that has multiple layers of electrically
insulating material with the plurality of electrical traces
extending between the multiple layers. The electrically 30
insulating base includes an inwardly positioned portion
disposed 1n the interior cavity, an outwardly positioned
portion disposed external to the interior cavity, and a sealing,
portion disposed between the mwardly positioned portion
and the outwardly positioned portion, with the sealing 35
portion being sealed to the feedthrough aperture of the
spring. Further, the electrical connection includes a first
plurality of electrical leads disposed on the outwardly posi-
tioned portion of the electrically insulating base and a
second plurality of electrical leads disposed on the inwardly 40
positioned portion of the electrically insulating base, with
cach electrical lead of the first plurality of electrical leads
being electrically coupled to a respective electrical lead of
the second plurality of electrical leads via the electrical
traces. 45

The hard disk drive may further include at least one
support bracket coupled to the hermetically sealed housing.
The at least one support bracket 1s 1n supporting engagement
with the electrical connector and the electrical connector 1s
exclusively indirectly coupled to the hermetically sealed 50
housing via the spring and the at least one support bracket.

The described {features, structures, advantages, and/or
characteristics of the subject matter of the present disclosure
may be combined in any suitable manner in one or more
embodiments and/or implementations. In the following 55
description, numerous specific details are provided to impart
a thorough understanding of embodiments of the subject
matter of the present disclosure. One skilled 1n the relevant
art will recognize that the subject matter of the present
disclosure may be practiced without one or more of the 60
specific features, details, components, materials, and/or
methods of a particular embodiment or implementation. In
other 1nstances, additional features and advantages may be
recognized in certain embodiments and/or implementations
that may not be present 1n all embodiments or implemen- 65
tations. Further, in some instances, well-known structures,
materials, or operations are not shown or described in detail

4

to avoid obscuring aspects of the subject matter of the
present disclosure. The features and advantages of the
subject matter of the present disclosure will become more
tully apparent from the following description and appended

claims, or may be learned by the practice of the subject
matter as set forth hereinaftter.

BRIEF DESCRIPTION OF THE DRAWINGS

In order that the advantages of the subject matter may be
more readily understood, a more particular description of the
subject matter briefly described above will be rendered by
reference to specific embodiments that are illustrated in the
appended drawings. Understanding that these drawings
depict only typical embodiments of the subject matter and
are not therefore to be considered to be limiting of its scope,
the subject matter will be described and explained with
additional specificity and detail through the use of the
drawings, in which:

FIG. 1 1s a perspective view of a hard disk drive with a
teedthrough electrical connector coupled to a spring, accord-
ing to one embodiment;

FIG. 2 1s a cross-sectional side view of a hard disk with
a feedthrough electrical connector coupled to a spring,
according to one embodiment;

FIGS. 3A-3C are top partial views of a feedthrough
clectrical connector extending through a hermetically sealed
chamber housing showing various embodiments of spring
footprints of springs coupled to the housing;

FIGS. 4A-4F are partial cross-sectional side views of a
teedthrough electrical connector extending through a her-
metically sealed chamber housing showing various embodi-
ments ol deflection portions of springs coupled to the
housing;

FIG. 5A 1s a perspective view of a feedthrough electrical
connector according to one embodiment;

FIG. 5B 1s a front view of the feedthrough electrical
connector of FIG. 5A;

FIG. 5C 1s a top view of the feedthrough electrical
connector of FIG. SA;

FIG. 6A 1s a perspective view of a feedthrough electrical
connector according to another embodiment;

FIG. 6B 1s a side view of the feedthrough electrical
connector of FIG. 6 A with corresponding electrical contacts
according to one embodiment; and

FIG. 7 1s a magnified cross-sectional perspective view of
a feedthrough electrical connector according to one embodi-
ment.

DETAILED DESCRIPTION

Reference throughout this specification to “one embodi-
ment,” “an embodiment,” or similar language means that a
particular feature, structure, or characteristic described in
connection with the embodiment 1s 1ncluded 1n at least one
embodiment of the present disclosure. Appearances of the
phrases “in one embodiment,” “in an embodiment,” and
similar language throughout this specification may, but do
not necessarily, all refer to the same embodiment. Similarly,
the use of the term “implementation” means an 1mplemen-
tation having a particular feature, structure, or characteristic
described 1n connection with one or more embodiments of
the present disclosure, however, absent an express correla-
tion to indicate otherwise, an implementation may be asso-
ciated with one or more embodiments.

Referring to FIGS. 1 and 2, a hard disk drive 10 with a

teedthrough electrical connector 200 and a spring 150 1s
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shown according to one embodiment. The hard disk drive 10
includes a housing 100 that defines an interior cavity 110.
The mterior cavity 110 contains hard disks and other 1nterior
components 112 of the hard disk drive 10. In one embodi-
ment, the feedthrough electrical connector 200 includes an
clectrically insulating base 210 with a plurality of electrical
leads 220 disposed on at least one peripheral surface of the
clectrically insulating base 210 and a plurality of corre-
sponding electrical traces (not shown) extending through the
clectrically insulating base. In another embodiment, the
clectrical connector includes a plurality of pins (traces)
extending through the electrically insulating base and a skirt
positioned about a periphery of the electrically insulating,
base. Generally, the feedthrough electrical connector 200
clectrically connects the interior components 112 of the hard
disk drive with a computing device (not shown), while still
maintaining the interior cavity 110 of the hard disk drive
relatively 1solated from the exterior atmosphere 120. Addi-
tional details relating to the feedthrough electrical connector
200 are included below with reference to FIGS. 2-7.

Although the illustrated embodiments described below
are 1n relation to a hard disk drive with an electrical
connector, 1n other embodiments, the principles and features
of the present disclosure can be applied to other electronic
devices that could benefit from a feedthrough electrical
connector, such as solid state memory devices, semiconduc-
tor devices, general computing devices, and the like.

The housing 100 of the hard disk drive 10 houses and
protects the various internal components 112 configured to
store and retrieve data and information, as well as to control
the storage and retrieval of data and information. The
components 112 within the interior cavity 110 may include
magnetic recording media (e.g., disks), read/write heads,
actuators (e.g., swings arms), electrical circuitry, and the
like. The hard disk drive 10 can be 1n electrical communi-
cation with a computing device (not shown) to transfer data
for operation of the computing device. In one embodiment,
the housing 100 1s configured to hermetically seal the
components 112 of the hard disk drive 10 from the exterior
environment 120. In certain implementations, the housing
100 includes two or more sections coupled together to
maintain the sealing nature of the housing. According to
some 1implementations, the housing 100 maintains the inte-
rior cavity 110 of the housing of the hard disk drive 10 at a
pressure below atmospheric pressure. Because the compo-
nents of hard disk drives, according to one embodiment, are
sensitive to contaminants and pressure changes, hermeti-
cally sealing the internal components 112 of the hard disk
drive 10 from the exterior environment 120 promotes the
proper operation of the hard disk drive 10 and also extends
the life of the hard disk drive 10.

The housing 100, which can be made from any of various
materials (such as hardened plastics, metal, and the like),
may, in certain embodiments, include a connector receptacle
130. The connector receptacle 130 1s formed 1n an exterior
surface of the housing 100 about a spring aperture 135 (see
FIG. 2), which 1s also formed 1n the housing 100. The spring
aperture 135, 1in the absence of the spring 150 and the
teedthrough electrical connector 200, 1s open to the 1nterior
cavity 110 of the hard disk drive 10. Generally, the connector
receptacle 130 may be configured to receive and orient
mating electrical connectors that are connectable with the
clectrical connector 200. Although shown 1n FIG. 1 as a tray
or indentation 1n the housing 100 that 1s substantially larger
than the connector 200 and larger than the spring 150, in
other embodiments, the connector receptacle 130 may be
sized similar to the electrical connector 200 1n order to
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6

physically support the spring 150 or the protruding surfaces
of the electrical connector 200. Further, the connector recep-
tacle 130 may be useful for retaining a layer of solder,
adhesive, or other weldment agent for securing the spring
150 to the housing 100. Further details regarding the spring
150 and the electrical connector 200 are included below.
FIG. 2 1s a schematic cross-sectional side view of a hard
disk drive 10 with the feedthrough electrical connector 200
and the spring 250, according to one embodiment. In the
depicted embodiment, the hard disk drive 10 includes a
housing 100 that substantially 1solates the interior cavity 110
of the hard disk drive 10 from the exterior atmosphere 120.
For example, the interior cavity 110 may have a helium
enriched atmosphere or the interior cavity 110 may be
maintained at a lower pressure than the pressure of the
exterior atmosphere 120. Certain hard disk drives 10 are
specifically configured to have or maintain certain condi-
tions within the interior cavity 110 to promote the eflicient
operation of the hard disk drive 10. Leaks from the housing
tend to disrupt the desired conditions within the interior
cavity (e.g., cause an 1ncrease 1n pressure or introduction of

heavier air), which can harm the efliciency and reliability of
the hard disk drive 10.

The embodiment of the housing 100 depicted in FIG. 2
does not include a connector receptacle 130 (as depicted 1n
FIG. 1). The housing 100 holds the components 112 of the
hard disk drive, such as magnetic media and read/write
arms. Also depicted schematically in the interior cavity 110
of the hard disk drive 10 are secondary electrical connec-
tions 114 that electrically connect the components 112 of the
hard disk drive 10 to the feedthrough electrical connector
200. The secondary electrical connections 114 may be
wiring, electrical traces, connectors, controllers, control
modules, and the like. Such secondary electrical connections
114 may be configured to connect with the feedthrough
clectrical connector 200 1n a variety of ways, as recognized
by those of ordinary skill in the art.

The spring 250, which may be constructed of a metallic
material, a plastic material, a polymeric material, or a
composite material, among others, 1s coupled to the housing
100 and extends over and at least partially across the spring
aperture 135. The spring aperture 135 1s an aperture formed
in the wall of the housing 100 that 1s wider than the
cross-sectional dimensions of the electrical connector 200.
The spring 250 may be directly coupled to the housing via
any of various coupling techniques, such as techniques using
solder, adhesive, or epoxy, among others. Additional details
relating to the spring 250 are included below with reference
to FIGS. 3A-4F. Generally, the spring 250 includes a
teedthrough aperture 254 through which the electrical con-
nector 200 extends and to which the electrical connector 250
1s directly coupled. The coupling of the spring 250 to the
housing 100 (across the spring aperture 135) and the cou-
pling of the electrical connector 200 within the feedthrough
aperture 254 creates a hermetic seal that 1solates the interior
cavity 110 from the exterior atmosphere 120. In other words,
in one embodiment the electrical connector 200 1s indirectly
coupled to the housing 100 via the spring 250. In such an
embodiment, direct engagement or contact between the
clectrical connector 200 and the housing, if any, 1s not
contributing to the hermetic seal.

The spring 250 includes a deflection portion 253 that
helps to absorb thermal expansion of the electrical connector
200 relative to the housing 100 caused by thermal cycling
(1.e., operation of the feedthrough connector). The deflection
portion 253, according to one embodiment, 1s a bend, curve,
twist, or bow 1n the spring. As will be described 1n greater
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detail below with reference to FIGS. 3A-4F, the deflection
portion 253 compresses and expands as the electrical con-
nector 200 thermally expands and compresses, respectively.
In other words, the deflection portion 233 dampens and/or
dissipates thermal or other expansion of the electrical con-
nector 200, thus helping to maintain the hermetic seal.

According to one embodiment, the feedthrough electrical
connector 200 includes an electrically insulating base 210
and a plurality of electrical leads 220. The electrically
insulating base 210 may include multiple layers of electri-
cally insulating material with electrical traces extending
between adjacent layers. For example, the multiple layers
may extend in a direction perpendicular to the cross-sec-
tional area of the feedthrough aperture 254. The electrically
insulating base 210 also includes three different portions or
sections: an mwardly positioned portion 211, a sealing
portion 212, and an outwardly positioned portion 213.
Although described and referenced throughout the disclo-
sure as three separate portions 211, 212, 213, it 1s contem-
plated that, according to one embodiment, the electrically
insulating base 210 may be a single, integrated structure. In
other embodiments, the electrically insulating base 210 may
be modular such that each portion 211, 212, 213 1s a separate
material. Further, 1n one embodiment, the electrically insu-
lating base 210 may be layered (FIG. 7). Additional details
regarding the structure and composition of the electrically
insulating base 210 are included below with reference to
FIGS. 5A and 7.

In one embodiment, the teedthrough electrical connector
200 has at least a first plurality of electrical leads 220 on the
outwardly positioned portion 213. The first plurality of
clectrical leads 220 may be disposed on at least one periph-
eral surface of the outwardly positioned portion 213. The
arrangement, material, and structure of the leads 220 are
described 1n greater detail below with reference to FIG.
5A-7. The first plurality of electrical leads 220 are electri-
cally connected, via electrical traces/wires not depicted 1n
FIG. 2, to corresponding contact points on the inwardly
positioned portion 211 of the electrically insulated base
material 210 for connecting with the components 112 of the
hard disk drive 10.

Although described 1n greater detail below, the inwardly
positioned portion 211 of the electrically insulating base 210
of the feedthrough electrical connector 200 may or may not
have similarly situated electrical leads. For example, 1n one
embodiment, the secondary electrical connections 114 may
clectrically connect to the electrical connector 200 via leads
disposed on the inwardly positioned portion 211 of the
clectrically 1insulating base 210. However, in another
embodiment, the mnwardly positioned portion of the electri-
cally isulating base 210 may resemble a conventional
clectrical connector that has electrical contact points for
interfacing with the itegrated wiring 114 and components
112 of the hard disk drive 10.

The sealing portion 212 1s the portion/region of the
teedthrough electrical connector 200 that engages the
teedthrough aperture 254 and couples the connector 200 to
the spring 250. In one embodiment, the sealing portion 212
1s electroplated with a soldering metal or other weldment
tacilitator for coupling the connector 200 to the spring 250.
In another embodiment, the sealing portion 212 couples to
the feedthrough aperture 254 via an adhesive composition.
Additional details relating to the sealing portion 212 are
included below with reference to FIG. 5A.

In one embodiment, the feedthrough electrical connector
200 has a first plurality of electrical leads 220 disposed on
a distal end of the outwardly positioned portion 213 of the
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clectrically insulating base 210. These leads 220 are con-
figured to be 1nserted into a corresponding/mated receptacle.
For example, the outwardly positioned portion 213 of the
connector 200 may be a zero-insertion-force type of con-
nector. In another embodiment, the feedthrough electrical
connector 200 may have a first plurality of electrical leads
220 disposed on a distal end of the outwardly positioned
portion of the electrically insulating base 210.

FIGS. 3A-3C are top partial views of the feedthrough
clectrical connector 200 extending through the hermetically
sealed chamber housing 100 showing various embodiments
ol spring footprints of springs coupled to the housing 100.
As described above, the spring extends across the spring
aperture 135 1n the housing 100. Also as described above,
the spring includes a detlection portion that facilitates
absorbing thermal expansion of the electrical connector 200
caused by thermal cycling and thermal fluctuations. As
described below with reference to FIGS. 4A-4F, the deflec-
tion portion may have the form of an outwardly and/or
inwardly oriented bend, bow, trench, or curve.

FIG. 3A shows a spring 350 that includes a deflection
portion 353 that has a rectangular spring footprint 352. The
term spring footprint 1s defined herein as the pattern of the
deflection portion across the surface of the spring. In other
words, the term spring footprint refers to the relative con-
figuration and orientation of the deflection portion with
respect to the feedthrough aperture (or electrical connector).
As depicted 1n FIG. 3A, the deflection portion 353 extends
360 degrees around the electrical connector 200 in a rect-
angular pattern. FI1G. 3B shows a spring 360 with a detlec-
tion portion 363 that extends completely around the electri-
cal connector 200 1n an ovular (e.g., circular, elliptical, etc.)
spring footprint 362. FIG. 3C shows yet another embodi-
ment where the spring 370 includes a detlection portion 373
that does not extend completely around (1.e., does not
completely circumscribe) the electrical connector 200. The
deflection portion 373 may extend in straight lines, for
example, along two sides of the electrical connector 200. In
one embodiment, the deflection portion 373 extends along
the two wider sides of the electrical connector 200 to absorb
the out-of-plane thermal expansion of the electrical connec-
tor 200.

While the outer periphery of each of the springs 350, 360,
370 depicted 1n FIGS. 3A-3C 1s rectangular, 1t 1s expected
that the outer peripheries of the springs may have other
shapes, according to the specifics of a given application. For
example, the outer periphery of a spring may form a square
shape or a circular shape.

FIGS. 4A-4F are partial cross-sectional side views of the
clectrical connector 200 extending through the hermetically
sealed chamber housing 100 showing various embodiments
of detlection portions of springs coupled to the housing 100.
FIG. 4A shows one embodiment of a spring 450 that 1s
coupled to an outer surface 103 of the housing 100 and has
a deflection portion 453 with a rectangular rib profile. The
deflection portion 453 protrudes outwardly away from the
space 111 of the spring aperture and 1s able to facilitate
absorbing the mechanical/structural stress imparted to the
apparatus by the thermal expansion of the electrical con-
nector 200. As described above, the spring 450 may be
coupled to the housing via soldering, weldment, epoxy, or
adhesive, among others, 1 order to form a hermetic seal.

Also depicted 1n FIG. 4A 15 a support bracket 160 coupled
to the inner surface 101 of the housing. However, the
support bracket 160, according to one embodiment, does not
provide a sealing engagement with the electrical connector
200 and thus does not contribute to the hermetic seal of the
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housing. In other words, the internal atmosphere of the
interior cavity 110 may extend beyond the support bracket
160 and into the space 111 of the spring aperture, as shown
in FIGS. 4A-4F. Accordingly, the support bracket 160 may
be coupled to the housing 100 via fasteners and/or adhe-
sives, among others. The support bracket 160 may be
optionally included to provide mechanical reinforcement to
the feedthrough connection. In one embodiment, as depicted
in FIG. 4B, the feedthrough connector and the spring are
implemented without a support bracket. While the spring
450 dampens the micro movement/vibration of thermal
expansion, the support bracket 160 may be used to provide
macro reinforcement. In other words, the support bracket
160 may be i non-sealing (e.g., supportive) engagement
with the electrical connector 200. The shape, size, orienta-
tion, and configuration of the support bracket 160 may be
different than depicted in the figures of the present disclo-
sure. Additionally, the support bracket 160 may also have
clectrical traces/leads and may be utilized to make electrical
connections with other components.

FIG. 4B depicts a similar embodiment, only the spring
460 includes a deflection portion 463 that has a circular
trench profile that indents inwardly. FIG. 4C shows a deflec-
tion portion 473 with a rectangular, wave-like trough profile.
The deflection portion 473 of FIG. 4C may be considered a
single detlection portion with two troughs facing in opposite
directions. In another embodiment, the deflection portion
473 may consist of two separate, spaced apart deflection
portions. In another embodiment, the spring may have
multiple deflection portions spaced apart across the surface
of the spring. FIG. 4D shows a deflection portion 483 with
a circular, wave-like, trough profile.

FI1G. 4E depicts a spring 490 that 1s directly coupled to the
sidewalls 102 of the spring aperture of the housing 100. The
sprmg 490 also includes a lip that extends to engage the
inner surface 101 of the housing 100. The spring 490
deplcted in FIG. 4E does not have a deflection portion
formed 1n a portlon of the spring 490 but instead the entire
spring 490 effectively forms a large detlection portion 493.
FIG. 4F depicts an embodiment similar to FIG. 4F, but the
spring 4935 in FI1G. 4F also includes an indentation that forms
a deflection portion 499. Also depicted in FIG. 4F 1s a
second support bracket 162. Similar to the support bracket
160 described above, the second support bracket 162 may
provide additional supporting engagement to the electrical
connector 200 and/or may include electrical contacts/traces
for facilitating electrical connections with other electrical
components. It 1s expected that the spring may be imple-
mented 1 other manners not explicitly described herein
and/or may be implemented by combinming various aspects of
the several embodiments described herein.

FIG. 5A 1s a perspective view of a feedthrough electrical
connector 200 according to one embodiment. As described
above, the feedthrough electrical connector 200 has an
clectrically insulating base 210 that defines the structure and
overall shape of the connector 200. The electrically 1nsulat-
ing base 210 may be any non-conductive material that is
suited for use 1n an electrical device. For example, the
clectrically insulating base 210 may be glass, ceramic,
rubber, plastic, polymer, and the like. In one embodiment,
the electrically insulating base 210 may be constructed in the
same manner as printed circuit boards, printed wiring
boards, etched wiring boards, printed circuit board assem-
blies, or circuit card assemblies. Although described in
greater detail below with reference to FIG. 7, the electrically
insulating base 210 includes electrical traces for conveying
clectric current and electrical signals between the first plu-
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rality of electrical leads 220 and the second plurality of
clectrical leads 230. In one embodiment, the electrically
insulating base 210 implemented in the connector 200 may
be selected according to the specific material’s ability to
withstand the conditions present in the interior cavity 110 of
the hard disk drive 10. For example, if a helium enriched
atmosphere 1s maintained in the interior cavity 110, an
clectrically msulating base 210 may be selected that has low
helium permeability, thus promoting the isolation of the
helium enriched interior cavity 110 from the exterior atmo-
sphere 120.

The three portions 211, 212, 213 of the electrically
insulating base 210 are also depicted in FIG. SA. As
described above, the three portions 211, 212, 213 may be a
single, mtegrated structure. In other embodiments, the elec-
trically insulating base 210 may be modular such that each
portion 211, 212, 213 1s a separate material. In one embodi-
ment, the portions 211, 212, 213, may not be defimtively
marked and the portions may not be visually or structurally
distinguishable from each other. In other words, the present
disclosure distinguishes the portions 211, 212, 213 generally
based on the expected arrangement and use of the
teedthrough electrical connector 200. For example, the
outwardly positioned portion 213 may be comparatively
more rigild and may be constructed of a stronger non-
conductive material so as to withstand the conditions of the
exterior atmosphere and/or repeated connecting and discon-
necting (depending on the specifics of a given application).
Also, the comparative lengths and relative dimensions of the
three portions 211, 212, 213 are only illustrative of one
embodiment and are not intended to restrict the scope of the
disclosure. In other words, one portion may be substantially
larger, longer, and/or wider than another portion, depending
on the specifics of a given application. Also, as described
below, the number, size, configuration, and arrangement of
the depicted electrical leads 220, 230 are not restrictive of
the scope of the present disclosure. In one embodiment (as
depicted) the width of electrically insulating base 210 1s
substantially smaller than the length and the height of the
clectrically msulating base 210.

The sealing portion 212 may simply be a medial region
where the connector 200 1s coupled to the spring. However,
in another embodiment the external surfaces of the sealing
portion 212 may be electroplated with a soldering matenal.
In another embodiment, the sealing portion 212 may include
a prepared surface that i1s capable of bonding, through the
use ol an adhesive or epoxy, to the feedthrough aperture. In
yet another embodiment, both and adhesive and solder (or
other weldment agent) may be implemented to seal the
connector 200 within the feedthrough aperture of the spring,
thus substantially maintaining the interior cavity 110 iso-
lated from the exterior atmosphere 120. For example, 1n one
embodiment, electroplating material may be disposed along
the length of the sealing portion 212 and an adhesive may be
disposed along the width of the sealing portion 212. As
briefly described above, the sealing portion 212 may not
only be the region of the connector 200 that 1s directly
engaged with the feedthrough aperture. In one embodiment,
the sealing portion 212 may extend beyond the thickness of
the feedthrough aperture of the spring. Once again, the
adhesive and/or the solder may be selected according to 1ts
ability to withstand the expected conditions within the
interior cavity 110 or the exterior atmosphere 120 (e.g., low
helium permeability).

The electrically msulating base 210 may have a cross-
sectional area, at least at the sealing portion, that 1s less than
about 200 square millimeters. In a further embodiment, the
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cross-sectional area of the electrical connector may be less
than about 100 square millimeters. In one embodiment, the
clectrical connector, at least in the sealing portion, has a
cross-section that 1s co-planar with the cross-sectional area
of the feedthrough aperture and that includes a first and
second dimension. The first dimension, according to one
embodiment, 1s substantially longer than the second direc-
tion. For example, the first dimension may be at least 5 times
the length of the second dimension. In another implemen-
tation, the first dimension 1s at least 10 times the length of
the second dimension.

FIG. 5B 1s a front view of the feedthrough electrical
connector 200 of FIG. 5A, according to one embodiment. As
described and shown in FIGS. 3 and 4, the electrical
connector 200 has a first plurality of leads 220 disposed on
the outwardly positioned portion 213 and a second plurality
of leads 230 disposed on the mwardly positioned portion
211. The first 220 and second plurality of leads 230 are
interconnected via traces/wiring extending the length of the
clectrically isulating base 210 (see FIG. 7). As described
above, the first plurality of electrical leads 220 are disposed
on at least one peripheral surface of the outwardly posi-
tioned portion 213 of the connector 200. However, the
second plurality of electrical leads 230, while they may be
similar in arrangement and configuration to the first plurality
of electrical leads 220 (as depicted 1n FIGS. 4 and 5A-5C),
in another embodiment may have the structure and configu-
ration of a conventional electrical connector (1.e., electrical
terminals, electrical contacts, wire couplings, etc.).

The leads 220, 230 may be constructed from any electri-
cally conductive material that 1s suited for use 1n an elec-
trical device. For example, the electrical leads 220, 230 may
be constructed of metals such as copper, aluminum, gold,
zinc, nickel, brass, bronze, iron, platinum, etc. In another
embodiment, the electrical leads 220, 230 may be con-
structed of other conductive materials, such as graphite and
conductive polymers. The number of leads 1n the first
plurality of electrical leads 220 1s not limited to the number
depicted 1n the Figures. In one embodiment, the feedthrough
clectrical connector 200 may less than 20 associated elec-
trical leads. However, 1n another embodiment the
teedthrough electrical connector 200 may have more than 20
associated electrical leads (i.e., hundreds or thousands)
depending on the specifics of a given application.

FIG. 5C 1s a top view of the feedthrough electrical
connector 200 of FIG. SA, according to one embodiment. As
depicted, the first plurality of electrical leads 220 may be
disposed on opposing lateral peripheral sides 214 of the
outwardly positioned portion 213 of the electrically insulat-
ing base 210. Additionally, the electrical leads 220, or at
least a portion of the electrical leads 220, may be exposed on
the leading edge 215 of the connector 200, thus allowing a
mating connector to electrically engage the leads 220 on the
peripheral sides 214 and/or the leading edge/surface 215 of
the feedthrough connector 200. Also, the first plurality of
clectrical leads 220 may be disposed on all the lateral sides
214 of the feedthrough connector 200 instead of just two
opposing sides. In another embodiment, the leads 220 may
only be disposed on a single side. Further details and
embodiments relating to the shape of the connector 200 and
the arrangement of the leads 220 are included below.

FIG. 6A 1s a perspective view of a feedthrough electrical
connector 200, according to another embodiment. The
teedthrough electrical connector 200 may have a tapered
design, thus potentially making the insertion of the out-
wardly positioned portion 213 1into a mating receptacle (not
shown) easier. In another embodiment (not shown), sealing
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portion 212 may be tapered so as to reduce the effective
footprint (cross-sectional area) of the connector 200, thus
reducing the size of the feedthrough aperture and reducing
the likelihood of leakage between the interior cavity 110 and
the exterior atmosphere 120 or rendering the sealing process
more eflicient/eflective. In one embodiment, the cross-sec-
tional area of the electrical connector 200, at least at the
sealing portion 212, 1s less than about 200 square millime-
ters. In another embodiment, the cross-sectional areal of the
clectrical connector 200 1s less than about 100 square
millimeters.

FIG. 6B 1s a side view of the feedthrough electrical
connector 200 of FIG. 6 A with corresponding mating recep-
tacles 300, according to one embodiment. The mating recep-
tacles 300 have electrical contact pads 302 that, upon
inserting the proper portion of the feedthrough electrical
connector 200 1nto the receptacle, the leads 220, 230 engage
the electrical contact pads 302 and an electrical connection
1s made. The mating receptacles 300 may be electrically
coupled to other components. Although not depicted, the
mating receptacles 300 and/or the feedthrough electrical
connector 200 may have a securing mechanism that fastens
the connector 1n place. The securing mechanism may be a
latch, a clamp, a tie, a fastener, a bolt, clasp, pin, clip, etc.
In another embodiment, the connector may be held 1n place
merely by the snug {it of the connector 200 within the mating
receptacle(s) 300.

As described above, the number, configuration, arrange-
ment, and general dimensions of the leads 220, 230 are not
restricted to the embodiments depicted 1n the Figures. Addi-
tionally, 1t 1s contemplated that the connector may have
shapes other than those depicted and described 1n the present
disclosure. For example, the electrical connector may have
a generally racetrack-shaped, ellipse-shaped, or ovular-
shaped outer periphery. In other words the outer perimeter of
the electrical connector 200, or at least the outer perimeter
of one of the portions 211, 212, 213 of the connector 200,
may have various shapes. For example, the outer perimeter
of the connector 200 may include two opposing sides
extending substantially parallel to each other, with the sides
being coupled together by semi-circular ends. In another
embodiment, the outer perimeter (1.e., footprint) of the
connector 200 may have a circular shape. In contrast to
traditional feedthrough connectors, the connector 200 may
be void of relatively sharp corners or edges.

FIG. 7 1s a magnified perspective view of a feedthrough
clectrical connector 200, according to one embodiment. The
clectrical connector 200 includes leads 220 disposed on
peripheral surfaces of the electrically insulating base 210. As
depicted, multiple leads 220 may be spaced apart 1n multiple
directions across the peripheral surfaces of the electrically
insulating base 210. For example, the not only can the leads
220 be spaced apart across the width of the connector 200,
the leads 220 may be spaced apart down the length of the
connector 200. The electrically insulating base 210 may
include multiple layers 210a, 21056, 210c, 2104, 210e, 210/
formed together. In between adjacent layers, electrical traces
240 can be electrically connected to the leads 220 and extend
the length of the connector 200 to connect with correspond-
ing leads/contact points 230 on the opposite end (e.g.,
between the inwardly positioned portion 211 to the out-
wardly positioned portion 213). The electrical traces 240
may be constructed from any electrically conductive mate-
rial that 1s suited for use 1n an electrical device. For example,
the electrical traces 240 may be constructed of metals such
as copper, aluminum, gold, zinc, nickel, brass, bronze, iron,
platinum, etc. In another embodiment, the electrical traces
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240 may be constructed of other conductive materials, such
as graphite and conductive polymers. The number and
configuration of the traces 240 and the layers 210a, 2105,
210c, 210d, 210e, 210/ 1s not limited to the depicted embodi-
ment. Depending on the specifics of a given application,
many layers 210a, 21056, 210¢c, 2104, 210e, 210/ may be

incorporated to properly route the traces 240.

In the above description, certain terms may be used such
as “up,” “down,” “upper,” “lower,” “horizontal,” “vertical,”
“left,” “night,” and the like. These terms are used, where
applicable, to provide some clarity of description when
dealing with relative relationships. But, these terms are not
intended to 1mply absolute relationships, positions, and/or
orientations. For example, with respect to an object, an

“upper” surface can become a “lower” surface simply by
turning the object over. Nevertheless, 1t 1s still the same
object. Further, the terms “including,” “comprising,” “hav-
ing,” and variations thereol mean “including but not limited
to” unless expressly specified otherwise. An enumerated
listing of items does not imply that any or all of the 1tems are
mutually exclusive and/or mutually inclusive, unless
expressly specified otherwise. The terms “a,” “an,” and
“the” also refer to “one or more” unless expressly specified
otherwise. Further, the term “plurality” can be defined as “at
least two.”

Additionally, mstances in this specification where one
clement 1s “coupled” to another element can include direct
and indirect coupling. Direct coupling can be defined as one
clement coupled to and 1n some contact with another ele-
ment. Indirect coupling can be defined as coupling between
two elements not in direct contact with each other, but
having one or more additional elements between the coupled
clements. Further, as used herein, securing one element to
another element can include direct securing and indirect
securing. Additionally, as used herein, “adjacent” does not
necessarily denote contact. For example, one element can be
adjacent another element without being in contact with that
clement.

As used herein, the phrase “at least one of”’, when used
with a list of 1tems, means diflerent combinations of one or
more of the listed 1tems may be used and only one of the
items 1n the list may be needed. The 1tem may be a particular
object, thing, or category. In other words, “at least one of”
means any combination of 1tems or number of 1tems may be
used from the list, but not all of the items 1n the list may be
required. For example, “at least one of 1tem A, 1tem B, and
item C” may mean 1tem A; item A and item B; item B; item
A, item B, and item C; or item B and item C. In some cases,
“at least one of item A, 1tem B, and item C” may mean, for
example, without limitation, two of item A, one of item B,
and ten of item C; four of item B and seven of item C; or
some other suitable combination.

Unless otherwise indicated, the terms “first,” “second.”
etc. are used herein merely as labels, and are not intended to
impose ordinal, positional, or hierarchical requirements on
the items to which these terms refer. Moreover, reference to,
c.g., a “second” item does not require or preclude the
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existence of, e.g., a “first” or lower-numbered 1tem, and/or,
¢.g., a “third” or higher-numbered item.

The present subject matter may be embodied in other
specific forms without departing from 1ts spirit or essential
characteristics. The described embodiments are to be con-
sidered 1n all respects only as 1llustrative and not restrictive.
The scope of the mvention is, therefore, indicated by the
appended claims rather than by the foregoing description.
All changes which come within the meaning and range of
equivalency of the claims are to be embraced within their

sCope.
What 1s claimed 1s:

1. An apparatus, comprising;:

a housing defining an interior cavity, the housing com-

prising a spring aperture;

a spring coupled to the housing over the spring aperture,

wherein the spring comprises a detlection portion and

a feedthrough aperture; and

an electrical connector coupled to the spring and extend-

ing through the feedthrough aperture and the spring

aperture, the electrical connector comprising a plurality
of electrical traces extending from a location external to
the housing to a location within the interior cavity of
the housing, wherein the electrical connector com-

Prises:

an electrically insulating base comprising multiple lay-
ers of electrically insulating material with the plu-
rality ol electrical traces extending between the
multiple layers, the electrically insulating base com-
prising an inwardly positioned portion disposed 1n
the interior cavity, an outwardly positioned portion
disposed external to the interior cavity, and a sealing
portion disposed between the mmwardly positioned
portion and the outwardly positioned portion, the
sealing portion being sealed to the feedthrough aper-
ture of the spring,

a first plurality of electrical leads disposed on the
outwardly positioned portion of the electrically insu-
lating base, and

a second plurality of electrical leads disposed on the
inwardly positioned portion of the electrically insu-
lating base, wherein each electrical lead of the first
plurality of electrical leads 1s electrically coupled to
a respective electrical lead of the second plurality of
electrical leads via the electrical traces.

2. The apparatus of claam 1, wherein the electrical con-
nector 1s indirectly coupled to the housing via the spring.

3. The apparatus of claim 1, further comprising at least
one support bracket coupled to the housing, wherein the at
least one support bracket 1s 1n supporting engagement with
the electrical connector.

4. The apparatus of claim 3, wherein the electrical con-
nector 1s indirectly coupled to the housing via the spring and
the at least one support bracket.

5. The apparatus of claim 1, wherein the deflection portion
of the spring absorbs thermal expansion of the electrical
connector.
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